The progress of the catalytic reaction of penicillinase (EC 3.5.2.6; penicillin amido-p-lactamhydrolase) de 
The correlation between the nature of the conformational change and the rate of the catalytic reaction has been observed with all the natural and semisynthetic derivatives of 6-APA tested so far (1, 2) . Moreover, the conformational response appears to be conveniently slow (3) . Specifically, the exopenicillinase of Bacillus cereus displayed hysteretic behavior (4) when interacting with A-type substrates. Penicillinase thus offers a singularly attractive model for the study of functional consequences of substrate-induced changes in the conformation of the active site. In this report we describe the change in the catalytic parameters induced by Atype substrates, and we suggest an experimental approach to the detection of similar phenomena in nonhysteretic enzyme-substrate interactions. A preliminary report on the biphasic kinetics of penicillinase has been published (3).
MATERIALS AND METHODS
Penicillins. Crystalline preparations of benzylpenicillin were obtained from Rafa Laboratories, Israel; methicillin, ampicillin, carbenicillin, flucloxacillin, and cloxacillin were from Beecham Research Laboratories, England; oxacillin was obtained from Bristol Laboratories, USA; 6-aminopenicillanic acid (6-APA) was from Aldrich Chem. Co., USA; dicloxacillin and nafcillin were from Wyeth Labs. Inc., USA;
ancillin was from Smith, Kline and French Labs., USA; phenoxymethyl. penicillin was from Sigma Chem. Co., USA; and pyrazocillin was kindly provided by Dr. V. Csanyi (University Medical School, Budapest).
Other Reagents. All chemicals were CP grade commercial preparations. Fresh substrate solutions were prepared daily, with distilled water. Phosphate .buffer 0.1 M, pH 7.0 was used unless otherwise stated.
Penicillinase. The extracellular preparation of penicillinase was derived from Bacillus cereus strain 569/H and purified as previously described (5) .
Assays of Penicillinase. The kinetic measurements were carried out spectrophotometrically (6) or polarimetrically (7) . The change in absorbance that accompanies the cleavage of the f3-lactam ring was followed in a Varian Techtron model 635 or Gilford 2400 recording spectrophotometer. The rates of hydrolysis of benzylpenicillin, 6-APA, and phenoxymethyl penicillin were determined at 240 nm; those of carbenicillin and ampicillin at 235 nm; and those of methicillin, oxacillin, and cloxacillin at 305, 263, and 260 nm, respectively. The corresponding AE values (M-1 cm-,) taken were: 500, 500, 520, 830, 820, 41, -240, and -120, respectively (6). All polarimetric determinations (7) were carried out at 589 nm in micro-cells (length: 1.0 dm) with the aid of a Perkin-Elmer model 141 polarimeter. In some cases we had to use the colorimetric assay, based on the method of Imsande (8) , where the change in the indicator (bromthymol blue) was followed at 620 nm. For measurements of shorter reaction times the rapid-mixing stopped-flow technique was combined with spectrophotometric detection. An Aminco stopped-flow apparatus was mounted on a Beckman DU monochromator, with a 200 W Hg-Xe arc as a light source. The analyzing light coming through a 0.2 cm quartz reaction cell fell on an IP-28 photomultiplier and the signal was fed into a Tectronix Storage Oscilloscope type 549. The data of transmittance taken from the oscillograms were digitalized on an analog-to-digital converter (GP-2 Graf/Pen Sonic Digitizer), and the change of A with time was calculated (with PDP-15 computer) from the corresponding values of AE.
One unit of penicillinase will hydrolyze 1 ,umol of benzylpenicillin in 60 min at 30' and pH 7.0. Antibodies to Penicillinase. Antisera to penicillinase were prepared as previously reported (9) . The nonneutralizing antibody fraction was separated by the procedure suggested by Pollock (10) and based on the observation lithae neutralizing antibodies present in the antisera can be seectively removed by precipitation with the enzyme (9, 10) . A "nonspecific" serum fraction was similarly prepared from normal rabbit sera to serve as a control. This experimental approach is illustrated in Fig. 3 The kinetics were followed by the colorimetric (8) and, wherever possible, by the spectrophotometric (6) and polarimetric (7) This is in contrast to the lag observed when the second substrate was an S-type penicillin (Fig. 3) (Fig. 3) . Clearly, the conformational response to oxacillin does not prevent the recognition of benzylpenicillin: the enzyme binds this substrate, but is initially less effective in catalyzing its hydrolysis. Behavior of Enzyme-Antibody Complex. Homologous antibodies have been previously shown to constrain the conformational flexibility of penicillinase (9, 13) . It was thus of obvious interest to see whether antibodies could prevent the change in Km and in the catalytic rate observed with A-type substrates. This would explain the intriguing observation that antibodies that appear to have no effect on the rate of reaction of penicillinase with 6-APA or an S-type substrate, will stimulate the hydrolysis of an A-type substrate. Such stimulating antibodies, first reported by Pollock (10) Methods) did indeed selectively stimulate the hydrolysis of all A-type penicillins tested (unpublished).
In the present context it was essential to see whether the observed "stimulation" is in fact due to the preservation of the initial rate of the reaction. The results (Fig. 4) confirm that the antibodies can prevent the kinetic shift and thus appear to stimulate the activity of the enzyme. The efficiency of the antibodies in eliminating the shift was found to depend on the substrate used and to vary somewhat with different batches of antisera. However, in all cases the shift was either suppressed or completely eliminated (Table 2 ).
An analogous conclusion can be drawn from the Km values determined for the enzyme-antibody complex ( Table  3 ). The decrease in Km observed in the free enzyme is entirely prevented by the antibody, and the initial value which is preserved approaches in each case that obtained for 6 (22) is preserved. Second, in the transition the enzyme reveals a specificity (namely, discrimination between 6-APA and the A-type derivatives of that substrate) that is not observed in the native conformation.
Of particular interest is the observation that the transition can be effectively suppressed and, in the case of methicillin or oxacillin, entirely prevented by antibodies. This confirms the expectation that antibodies can be used to stabilize the native conformation of an enzyme, and suggests an experimental approach to a more general question. In the present system the conformational adjustment can be readily observed, because the response of the enzyme to the A-type substrates is slow. Such hysteretic behavior (4) is, however, an exception rather than the rule in enzyme-substrate interactions. In view of the present findings, we must consider the possibility that conformational adjustment is a general phenomenon, but it is too rapid to be noticed except in hysteretic enzymes. (In principle, it could be completed with the turn-over of the first substrate molecule bound by the enzyme.) Results consistent with this hypothesis have now been obtained with a variant of penicillinase that shows no hysteretic behavior, but does nevertheless respond to antibodies by accelerating dramatically and selectively the catalytic reaction with A-type substrates. This observation cannot be adequately explained unless we draw the obvious analogy and postulate a conformational adjustment, which is too rapid to be recorded and which is effectively prevented by the constraint imposed by the antibody molecule. In conclusion, it appears likely that conformational adjustment is not restricted to hysteretic interactions and that stabilizing antibodies will provide a more general tool for detecting its existence in other enzyme-substrate systems.
